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METHOD AND SYSTEM FOR COOLING HEAT-GENERATING 
COMPONENT IN A CLOSED-LOOP SYSTEM 

RELATED APPLICATION 

[0001] This application is a continuation-in-part of U.S. Patent Application 

Serial No. 09/745,588 filed December 21, 2000. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] This invention relates to a cooling system, and more particularly, it 

relates to a venturi used in a closed-loop cooling system to facilitate cooling a heat- 
generating component by raising the pressure of the fluid in the system and, 
therefore, the boiling point of the fluid, with the increased pressure establishing that 
there is flow in the closed-loop system. 

2. Description of The Prior Art 

[0003] In many prior art cooling systems, the fluid is absorbing heat from a 

heat-generating component. The fluid is conveyed to a heat exchanger which 
dissipates the heat and the fluid is then recirculated to the heat-generating 
component. The size of the heat exchanger is directly related to the amount of heat 
dissipation required. For example, in a typical X-ray system, an X-ray tube 
generates a tremendous amount of heat on the order of 1 KW to about 1 0KW. The 
X-ray tube is typically cooled by a fluid that is pumped to a conventional heat 
exchanger where it is cooled and then pumped back to the heat-generating 
component. 

[0004] In the past, if a flow rate of the fluid fell below a predetermined flow 

rate, the temperature of the fluid in the system would necessarily increase to the 
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point where the fluid in the system would boil or until a limit control would turn the 
heat-generating component off. This boiling would sometimes cause cavitation in 
the pump. 

[0005] The increase in temperature of the fluid could also result in the heat- 

generating component not being cooled to the desired level. This could either 
degrade or completely ruin the performance of the heat-generating component 
altogether. 

[0006] In the typical system of the past, a flow switch was used to turn the 

system off when the flow rate of the fluid became too low. Fig. 6 is a schematic 
illustration of a venturi which will be used to describe a conventional manner of 
measuring the flow rate. Referring to Fig. 6, the velocity at point B is higher than at 
either of sections A, and the pressure (measured by the difference in level in the 
liquid in the two legs of the U-tube at B) is correspondingly greater. 
[0007] Since the difference in pressure between B and A depends on the 

velocity, it must also depend on the quantity of fluid passing through the pipe per 
unit of time (flow rate in cubic feet/second equals cross-sectional area of pipe in ft 2 x 
the velocity in ft./second). Consequently, the pressure difference provided a 
measure for the flow rate. In the gradually tapered portion of the pipe downstream 
of B, the velocity of the fluid is reduced and the pressure in the pipe restored to the 
value it had before passing through the construction. 

[0008] A pressure differential switch would be attached to the throat and an 

end of the venturi to generate a flow rate measurement. This measurement would 
then be used to start or shut the heat-generating component down. 
[0009] In the past, a conventional pressure differential switch measured this 

pressure difference in order to provide a correlating measurement of the fluid flow 
rate in the system. The flow rate would then be used to control the operation of the 
heat-generating component, such as an X-ray tube. 

[0010] In the event of a power outage, it was necessary to provide a battery 

backup to keep the pump energized to prevent overheating of the X-ray tube. This 
added cost and expense to the overall system. 
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[0011] Unfortunately, the pressure differential switch of the type used in these 

types of cooling systems of the past and described earlier herein are expensive and 
require additional care when coupling to the venturi. The pressure differential 
switches of the past were certainly more expensive than a conventional pressure 
switch which simply monitors a pressure at a given point in a conduit in the closed- 
loop system. 

[0012] What is needed, therefore, is a system and method which facilitates 

using low-cost components, such as a non-differential pressure switch (rather than a 
differential pressure switch), which also provides a means for increasing pressure in 
the closed-loop system. 

SUMMARY OF THE INVENTION 



[0013] It is, therefore, a primary object of the invention to provide a system 

and method for improving cooling of a heat-generating component, such as an X-ray 
tube in an X-ray system. 

[0014] Another object of the invention is to provide a closed-loop cooling 

system which uses a venturi and pressure switch combination, rather than a 
differential pressure switch, to facilitate controlling cooling of one or more 
components in the system. 

[0015] Another object of the invention is to provide a closed-loop system 

having a venturi whose throat is set at a predetermined pressure, such as 
atmospheric pressure so that the venturi can provide means for controlling cooling of 
the heat-generating component in the system. 

[0016] In one aspect, this invention comprises a method for increasing 

pressure in a closed-loop system comprising a pump for pumping fluid in the system, 
a heat-generating component and a heat-rejection component, the method 
comprising the steps of situating a venturi in series in the closed-loop system and 
providing a predetermined pressure at a throat of the venturi, using the pump to 
cause flow in the closed-loop system in order to increase pressure in the system, 
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thereby increasing the boiling point of the fluid, the overall pressure being greater 
than the predetermined pressure. 

[0017] In another aspect this invention comprises a cooling system for cooling 

a component comprising a heat-rejection component coupled to the component, a 
pump for pumping fluid to the heat-rejection component and the component, a 
conduit for communicating fluid among the component, the heat-rejection 
component and the pump, the conduit comprising a venturi having a predetermined 
pressure applied at a throat of the venturi. 

[0018] In a yet another aspect, this invention comprises An X-ray system 

comprising an X-ray apparatus for generating X-rays, the X-ray apparatus 
comprising an X-ray tube situated in an X-ray tube casing and a cooling system for 
cooling the X-ray tube, the cooling system comprising a heat-rejection component 
coupled to the X-ray tube casing, a pump for pumping fluid to the heat-rejection 
component and the component, a conduit for communicating fluid among the X-ray 
tube casing, the heat-rejection component and the pump; the conduit comprising a 
venturi having a predetermined pressure applied at a throat of the venturi. 
[0019] In yet another aspect, this invention comprises a method for cooling a 

component situated in a system, the method comprising the steps of providing a 
conduit coupled to the component, coupling the component casing to a pump for 
pumping a cooling fluid through the conduit and to a heat-rejection component, 
increasing a boiling point of the cooling fluid, thereby increasing an operating 
temperature of the X-ray system. 

[0020] In still another aspect, this invention comprises a method for cooling a 

component situated in a system, the said method comprising the steps of providing 
a conduit coupled to the component, coupling the component casing to a pump for 
pumping a cooling fluid through the conduit and to a heat-rejection component, 
increasing a boiling point of the cooling fluid, thereby increasing an operating 
temperature of the X-ray system. 

[0021] These and other objects and advantages of the invention will be 

apparent from the following description, the appended claims, and the 
accompanying drawings. 
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Brief Description of Accompanying Drawing 

[0022] Fig. 1 is a schematic view of a cooling system in accordance with one 

embodiment of the invention showing a venturi having a throat coupled to an 

expansion tank or accumulator whose bladder is exposed to atmospheric pressure; 

[0023] Fig. 2 is a sectional view of the venturi shown in Fig. 1; 

[0024] Fig. 3 is a plan view of the venturi shown in Fig. 2; 

[0025] Fig. 4 are plots of the relationship between pressure and flow rate at 

various points in the system; 

[0026] Fig. 5 is a table representing various measurements relative to a given 

flow diameter at a particular flow rate; 

[0027] Fig. 6 is a sectional view of a venturi of the prior art; 

[0028] Fig. 7 is a schematic diagram of another embodiment of the invention 

illustrating use of the venturi a closed-loop heat exchanger that uses fluid to cool 
another fluid; and 

[0029] Fig. 8 is a view of a cooling system in accordance with another 

embodiment of the invention. 

Detailed Description of Preferred Embodiment 

[0030] Referring now to Fig. 1 , a cooling system 10 is shown for cooling a 

component 12. While one embodiment of the invention will be described herein 
relative to a cooling system for cooling the X-ray tube 12 situated inside a housing 
14. It should be appreciated that the features of the invention may be used for 
cooling any heat-generating component in the closed-loop system 10. 
[0031] As mentioned, the cooling system 10 comprises a heat-generating 

component, such as the X-ray tube 12, and a heat exchanger or heat-rejection 
component 16, which in the embodiment being described is a heat exchanger 
available from Lytron of Woburn, MA. 

[0032] The system 10 further comprises a fluid pump 22 which is coupled to 
housing 14 via conduit 18. In the embodiment being described, the pump 22 pumps 
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fluid, such as a coolant, through the various conduits and components of system 10 
in order to cool the components 12. It has been found that one suitable pump 22 is 
the pump Model No. H0060.2A-1 1 available from Tark, Inc. of Dayton, OH. In the 
embodiment being described, the pump 22 is capable of pumping on the order of 
between 0 and 1 0 gallons per minute, but it should be appreciated that other size 
pumps may be provided, depending on the cooling requirements, size of the 
conduits in the system 10 and the like. 

[0033] In the embodiment being described, the throat 36 of venturi 30 is 

subject to a predetermined pressure, such as atmospheric pressure. This 
predetermined pressure is selected to facilitate increasing the fluid pressure in the 
system 10 which, in turn, facilitates increasing a boiling point of the fluid which has 
been found to facilitate reducing or preventing cavitation in the pump 22. 
[0034] The system 10 further comprises a venturi 30 having an inlet end 32, 
an outlet end 34 and a throat 36. For ease of description, the venturi 30 is shown in 
Fig. 2 as having downstream port A, upstream port B, and throat port 40 that are 
described later herein. The venturi 30 is coupled to heat-rejection component 16 via 
conduit 26 and pump 22 via conduit 28, as illustrated in Fig. 1 . In the embodiment 
being described, the throat 36 of venturi 30 is coupled to an expansion tank or 
accumulator 38 at an inlet port 40 of the accumulator 38, as shown in Fig. 1 . The 
accumulator 38 comprises a bladder 42 having a first side 42a exposed to 
atmosphere via port 44. A second side 42b of bladder 42 is exposed or subject to 
pressure Pt, which is the pressure at the throat 36 of venturi 30, which is also 
atmospheric. 

[0035] An advantage of this invention is that the venturi causes higher 
pressures and, therefore, a higher operating fluid temperature without boiling. This 
creates a larger temperature differential that maximizes the heat transfer capabilities 
of heat exchanger 16. Stated another way, raising a boiling point of the fluid in the 
system 10 permits higher fluid temperatures, which maximizes the heat exchanging 
capability of heat exchanger 16. These features of the invention will be explored 
later herein. 
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[0036] The system 10 further comprises a switch 46 situated adjacent (at port 
A in Fig. 2) venturi 30 in conduit 28, as illustrated in Fig. 1. In the embodiment 
shown in Fig. 1 , the switch 46 is a non-differential pressure switch 46 that is located 
downstream of the venturi 30, but upstream of pump 22, but it could be situated 
upstream of venturi 30 (at port B illustrated in Fig. 2) if desired. As shown in Fig. 1 , 
the switch is open, via throat 45, to atmosphere and measures fluid pressure relative 
to atmospheric pressure. Therefore, it should be appreciated that because the 
pressure Pt at the throat 36 is also at atmospheric pressure, a difference in the 
pressure at throat 36 compared to the pressure sensed by switch 46 can be 
determined. This differential pressure is directly proportionally related to the flow in 
the system 10. Consequently, it provides a measurement of a flow rate in the 
system 10. 

[0037] If necessary, either port A or port B may be closed after the switch is 

situated downstream or upstream, respectively, of said venturi 36. It has been found 
that the use of the pressure switch, rather than a differential pressure switch, is 
advantageous because of its economical cost and relatively simple design and 
performance reliability. It should be appreciated that the switch 46 is coupled to an 
electronic control unit ("ECU") 50. The switch 46 provides a pressure signal 
corresponding to a flow rate of the fluid in system 10. As mentioned earlier, the 
switch 46 may be located either upstream or downstream of the venturi 30. This 
signal is received by ECU 50, which is coupled to pressure switch 46 and 
component 12, in order to monitor the temperature of the fluid and flow through 
component 12 in the system 10. Thus, for example, when a flow rate of the fluid in 
system 10 is below a predetermined rate, such as 5gpm. In this embodiment, then 
ECU 50 may respond by turning component 12 off so that it does not overheat. 
[0038] Thus, the switch 46 cooperates with venturi 30 to provide, in effect, a 
pressure differential switch or flow switch which may be used by ECU 50 to monitor 
and control the temperature and flow rate of the fluid in the closed-loop system 10 in 
order to control the heating and cooling of component 12. It should also be 
appreciated that the switch 46 may be a conventional pressure switch, available 
from Whitman of Bristol, CT. 
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[0039] The expansion tank or accumulator 38, which is maintained at 
atmospheric pressure, is connected to the throat 36 of venturi 30, with the venturi 30 
connected in series with the main circulating loop of the closed-loop system 10. The 
venturi 30 and switch 46 cooperate to automatically control the pressure and 
temperature in the circulating system 10 by monitoring the flow of the fluid in the 
system 10. The pressure differential between the throat 36 and, for example, the 
inlet end 32 of venturi 30 remains substantially constant, as long as the flow is 
substantially constant. 

[0040] Because the pressure Pt at the throat 36 is held at atmospheric 
pressure, the subsequent pressure at outlet end 34 may be calculated using the 
formula (V t - V e ) 2 /2g, where V e is a velocity of the fluid at, for example, end 34 of 
venturi 30 and V t is a velocity of the fluid at the throat 36 of venturi 30. 
[0041] The ECU 50 may use the determined measurement of flow from switch 
46 to cause the component 12 to be turned off or on if the flow rate of the fluid in 
system 10 is below or above, respectively, a predetermined flow rate. In this regard, 
switch 46 generates a signal responsive to pressure (and indicative of the flow rate) 
at end 34. This signal is received by ECU 50, which, in turn, causes the component 
12 to be turned off or on as desired. Advantageously, this permits the flow rate of 
the fluid in the system 10 to be monitored such that if the flow rate decreases, 
thereby causing the cooling capability of the fluid in the closed-loop system to 
decrease, then the ECU 50 will respond by shutting the heat-generating component 
12 off before it is damaged by excessive heat or before other problems occur 
resulting from excessive temperatures. 

[0042] Advantageously, it should be appreciated that the use of the venturi 30 
having the throat 36 subject to atmospheric pressure via the expansion tank 38 in 
combination with the pressure switch 46 provides a convenient and relatively 
inexpensive way to measure the flow rate of the fluid in the system 10 thereby 
eliminating the need for a pressure differential switch of the type used in the past. 
This also provides the ability to monitor the flow rate of the fluid in the closed-loop 
system 10. 
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[0043] Fig. 4 is a diagram illustrating five locations describing various 

properties of the fluid as it moves through the closed-loop system 10. 
[0044] Neglecting minor temperature and pressure losses in the conduits 18, 

20, 26 and 28. The following Table I gives the relative properties (velocity, gauge 
pressure, temperature) when a flow rate of the fluid is held constant at four gallons 
per minute. 

TABLE I 



GPM 


Location 
(Fig. 1) 


Velocity (fps) 


Gage 

Pressure (psi) 


Temperature 
(F) 


4 


32 


8 


26 


160 


4 


36 


64 


0 


160 


4 


34 


8 


24.7 


160 


4 


18 


8 


40 


160 


4 


20 


8 


35 


167 



[0045] The following Table II provides, among other things, different venturi 
30 gauge pressures and fluid velocities resulting from flow rates of between zero to 
4 gallons per minute in the illustration being described. Note that the pressure at the 
throat 36 of venturi 30 is always held at atmospheric pressure when the expansion 
tank 38 is coupled to the throat 36 as illustrated in Fig. 1 . 



TABLE II 



Location 
(Fig. 1 ) 


32 


32 


36 


36 


34 


34 


Flow 
rate 


Inlet 

Velocity 

(ft/sec) 


Inlet 

Pressure 
(psi) 


Throat 

Velocity 

(ft/sec) 


Throat 

Pressure 

(psi) 


Outlet 

Velocity 

(ft/sec) 


Outlet 

Pressure 

(psi) 


0 


0 


0 


0 


0 


0 


0 


1 


2 


1.7 


16 


0 


2 


1.6 


2 


4 


7 


32 


0 


4 


6.65 


4 


8 


26 


64 


0 


8 


24.7 



[0046] Note from the Tables I and II that when there is no flow, the fluid 

pressure throughout the closed-loop system 10 is that of the expansion tank or 
atmospheric pressure. In the closed-loop system 10, Table I shows the fluid at a 
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minimum pressure at the venturi throat 36 and maximum on a discharge or outlet 
side 22a of pump 22. There is a pressure loss after entering and leaving the heat- 
generating component 12, such as the X-ray tube, heat exchanger 16 and venturi 
30. Velocity is held substantially constant throughout the system 10 because the 
inner diameter of the conduits 18, 20, 26 and 28 are substantially the same. Fluid 
velocity changes only when an area of the passage it travels in is either increased or 
decreased, such as when the fluid is pumped from ends 32 at 34 towards and away 
from throat 36 of venturi 30. 

[0047] If the system 10 is assumed to reach a steady state, then a 
temperature of the fluid in the system 10 will increase from a value before the heat- 
generating component 12 to a higher value after exiting the heat-generating 
component 12. The higher temperature fluid will cool back down to the original 
temperature after exiting the heat exchanger 16, neglecting small temperature 
changes throughout the conduits 18, 20, 26 and 28 of the system 10. 
[0048] Figs. 2 and 3 illustrate various features and measurements of the 

venturi 30 with the various dimensions at points D1-D16 identified in the following 
Table III: 



TABLE III 



Dimension 


Size 


D1 


1.5" 


D2 


1.71" 


D3 


0.84" 


D4 


1 .5" 


D5 


9.5" 


D6 


0.622" 


D7 


10.5E 


D8 


2.0" 


D9 


1.172" 


D10 


0.2" 


D11 


0.188" 


D12 


4.145" 
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Dimension 


Size 


D13 


0.622" 


D14 


3E 


D15 


1/4" 

NPIF hole at 3 locations 


D16 


0.1" through hole at 3 locations 
concentric with D15 holes 



[0049] It should be appreciated that the values represented in Table III are 
merely representative for the embodiment being described. 

[0050] Table IV in Fig. 5 is an illustration of the results of another venturi 30 
(not shown) at various flow rates using varying flow rate diameters at the throat 36 
(represented by dimension D11 in Fig. 2). 

[0051] It should be appreciated that by holding the pressure at the throat 36 at 
the predetermined pressure, which in the embodiment being described is 
atmospheric pressure, the velocity of the fluid exiting end 34 of venturi 30 can be 
consistently and accurately determined using the pressure switch 46, rather than a 
differential pressure switch (now shown) which operates off a differential pressure 
between the throat 36 and the inlet end 32 or outlet end 34. Instead of using a 
differential pressure device (not shown) to measure flow in the system, the 
expansion tank, when attached to the throat 36 of venturi 30, causes the fluid in the 
system 10 to be at atmospheric pressure when there is zero flow. For any given 
flow rate, the pressure at the throat 36 of venturi 30 remains at atmospheric 
pressure, but a fluid velocity is developed for each cross-sectional area in the 
closed-loop system 10. Since the venturi throat 36 of venturi 30 is smaller than the 
venturi inlet 32 and the venturi outlet 34, the velocity at the throat will be higher than 
the velocity at the inlet 32 or outlet 34. This velocity difference creates a pressure 
difference between the venturi throat 36 and the ends 32 and 34, which mandates 
that the pressure at the throat 36 be lower than the pressure at the ends 32 and 34. 
Stated another way, the pressure at the ends 32 and 34 must be higher than the 
pressure at the throat 36 which is held at atmospheric pressure. 
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[0052] Consequently, the pressure at the ends 32 and 34 must be greater 

than atmospheric pressure when there is flow in the system 10. This phenomenon 
causes the overall pressure in the system 10 to increase, which in effect, raises the 
effective boiling point of the fluid in the system 10. Because the boiling point of the 
fluid in the system 10 has been raised, this facilitates avoid cavitation in the pump 22 
which occurs when the fluid in the system 10 achieves its boiling point. 
[0053] Another feature of the invention is that because the boiling point of the 
fluid is effectively raised in the closed-loop system 10, the higher fluid temperature 
creates a larger temperature differential and enhances heat transfer for a given size 
heat exchanger 16. In the embodiment being described, the specific volume of 
vaporized fluid is reduced by an increase in the system pressure. By way of 
example, water's specific volume is 1 1 .9 ft. 3 /lbs. at 35 psia and 26.8 ft. 3 /lbs. at 
atmospheric pressure. Thus, increasing the system pressure results in a reduction 
of the specific volume of the vaporized fluid. In the embodiment being described, 
the fluid is a liquid such as water, but it may be any suitable fluid cooling medium, 
such as ethylene glycol and water, oil, water or other heat transfer fluids, such as 
Syltherm7 available from Dow Chemical. 

[0054] Advantageously, the higher pressure enabled by venturi 30 permits the 
use of a simple pressure switch 46 to act as a flow switch. This switch 46 could be 
placed at the venturi outlet 34 (for example, at port A in Fig. 2), as illustrated in Fig. 
1 , or at the inlet 32 (for example, at port B in Fig. 2). Note that a single pressure 
switch whose reference is atmospheric pressure is preferable. Because its pressure 
is atmospheric pressure, it does not need to be coupled to the throat 36, which is 
also at atmospheric pressure. Once the pressure is determined at the outlet 34 or 
inlet 32, a flow rate can be calculated using the formula mentioned earlier herein, 
thereby eliminating a need for a differential pressure switch of the type used in the 
past. A method for increasing pressure in the closed-loop system 10 will now be 
described. 

[0055] The method comprises the steps of situating the venturi in the closed- 
loop system 10. In the embodiment being described, the venturi is situated in series 
in the system 10 as shown. 
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[0056] A predetermined pressure, such as atmospheric pressure in the 
embodiment being described, is then established at the throat 36 of the venturi 30. 
The method further uses the pump 22 to cause flow in the system 10 in order to 
increase pressure in the system, thereby increasing a flow rate of the fluid in the 
system 10 such that the pressure at the inlet 32 and outlet 34 relative to the throat 
36, which is held at a predetermined pressure, such as atmospheric pressure, is 
caused to be increased. 

[0057] In the embodiment being described, the predetermined pressure at the 

throat 36 is established to be the atmospheric pressure, but it should be appreciated 
that a pressure other than atmospheric pressure may be used, depending on the 
pressures desired in the system 10. Advantageously, this system and method 
provides an improved means for cooling a heat-generating component utilizing a 
simple pressure switch 46 and venturi 30 combination to provide, in effect, a switch 
for generating a signal when a flow rate achieves a predetermined rate. This signal 
may be received by ECU 50, and in turn, used to control the operation of heat- 
generating component 12 to ensure that the heat-generating component 12 does 
not overheat. 

[0058] Referring now to Fig. 8, an embodiment of the invention is shown 

which further enhances the features of the inventions described herein. In this 
embodiment, those parts that are the same or similar as the parts shown related to 
prior embodiments are identified with the same part number, except that a prime 
mark ("'") has been added to the part numbers for the embodiment illustrated in Fig. 
8. It should be understood that these parts function in substantially the same way 
as the corresponding parts referred to relative to Fig. 1 described earlier herein. 
[0059] In Fig. 8, a cooling system 10' is shown for cooling a component 12', 

such as an x-ray tube situated in a housing 14'. As mentioned earlier, it should be 
appreciated that the features of the invention may be used for cooling any heat- 
generated component. 

[0060] The system 10 further comprises a fluid pump 22' having an outlet 22a' 

that is coupled to a check valve 1 10 as shown. A second closed-end expansion 
tank or accumulator 1 12 is situated between the check valve 110 and the heat- 
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generating component 12'. Note that the expansion tank 1 12 is closed and not open 
to atmosphere in contrast to the accumulator 38\ 

[0061] The expansion tank or accumulator 112 comprises the bladder 114 
having a first side 1 14a and a second side 1 14b as shown. The first side 1 14a and 
the second side 1 14b are exposed or subject to pressure at the area 1 16 in conduit 
18\ 

[0062] As with the embodiment described earlier herein relative to Fig. 1 , the 
embodiment shown in Fig. 8 comprises the heat exchanger 16' which is coupled to 
the heat-generating component 12' via conduit 20\ The heat exchanger 16' is 
coupled to the upstream end of venturi 30' as shown. The pressure switch 46' is 
situated upstream of the venturi 30' and between the venturi 30' and heat exchanger 
16' as shown. 

[0063] The ECU 50' is coupled to the heat-generating component 12', 
pressure switch 46' and pump 22' as shown. 

[0064] Note that the accumulator 38' is situated at the throat 36* as shown 

and is open to atmosphere. The pressure switch 46' and ECU 50' cooperate to 
automatically control the pressure and temperature in the circulating system 10' by 
monitoring the flow of the fluid in the system 10\ The pressure differential between 
the throat 36' and, for example, the inlet end 32' of venturi 30' remains substantially 
constant, as long as the flow is substantially constant. 

[0065] The ECU 50' may use the determined measurement of the flow from 
switch 46' to cause the component 12' to be turned off or on if the flow rate of the 
fluid in the system 10' is below or above, respectively, a predetermined flow rate. In 
this regard, switch 46' generates a signal responsive to pressure (and indicative of 
the flow rate) at end 32' of venturi 30'. This signal is received by ECU 50' which, in 
turn, causes the component 12' to be turned off or on as desired. Advantageously, 
this permits the flow rate of the fluid in the system 10' to be monitored such that if 
the flow rate decreases, thereby causing the cooling capability of the fluid in the 
closed-loop system 10' to decrease, then the ECU 50' will respond by shutting the 
heat-generating component 12' off before it is damaged by excessive heat or before 
other problems occur resulting from excessive temperatures. 
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[0066] The check valve 110 and closed end expansion tank 112 operate as 
follows. The check valve 1 10 is situated as shown and stops any flow from the 
accumulator 112 back through the pump 22' when the pump 22' stops. Thus, all 
flow from the second accumulator 1 12 to the first accumulator 38 passes through 
the heat-generating component 12', thereby preventing overheating of the heat- 
generating component 12' and the cooling fluid in system 10' because of the heat 
stored in the heat-generating component 12\ In a system 10* wherein the 
diaphragm and, for example, heat-generating component 12' are rotating, the 
diaphragms 42' and 114 are required. In an environment where the system 10' is 
not rotating, the diaphragm 42' of accumulator 38' is not required. 
[0067] Before the system 10' starts providing cooling to the heat-generating 
component 12', any excess fluid resides in accumulator 38' and not in accumulator 
112. After the pump 22' starts and as pressure in conduit 18' increases, any excess 
fluid moves from accumulator 38' through system 10' to accumulator 112. Any air in 
the area 120 of second accumulator 1 12 is compressed by the pressure increase 
caused by the venturi 30' and the pump 22'. When the pump 22' stops circulating 
fluid through the system 10', air pressure in the area 120 of second accumulator 112 
forces the fluid into the accumulator 38' and portions of line 18', 20' and 26' and into 
accumulator 38', which is at atmospheric pressure. Note that the check valve 110 
prevents fluid from flowing back through the pump 22', which causes the fluid to flow 
through the heat-generating component 12' even after the pump 22 is deactivated. 
This, in turn, facilitates cooling the heat stored in the heat-generating component 
12*. 

[0068] While the method herein described, and the form of apparatus for 
carrying this method into effect, constitute preferred embodiments of this invention, it 
is to be understood that the invention is not limited to this precise method and form 
of apparatus, and that changes may be made in either without departing from the 
scope of the invention, which is defined in the appended claims. For example, while 
the system 10 has been shown and described for use relative to a X-ray cooling 
system, it is envisioned that the system may be used with an internal combustion 
engine, cooling system, a hydronic boiler or any closed loop heat exchanger that 
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uses a fluid to cool another fluid. For example, note in Fig. 7 basic features of 
Applicant's invention are shown. The system 100 comprises a heat exchanger 102, 
such as a liquid to air heat exchange, and a liquid-to-liquid heat exchanger 104 for 
cooling a fluid, such as oil, from a heat-generating component 106. Note that the 
accumulator 38, venturi 30 and switch 46 configuration in Fig. 1 (labeled 49 in Figs. 
1 and 7) are provided upstream of pump 108. Providing the arrangement 49 
advantageously enables higher system pressure and higher operating fluid 
temperatures that maximizes heat transfer capabilities of heat exchangers 102 
and/or 104. This design also facilitates bringing system pressure back to 
atmospheric pressure at substantially the sarnie time as when the flow rate is 
reduced to zero. 

What is claimed is: 
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